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.LP%HVZLFN#XWDVHGXDX!
7KLVVWXG\GHVFULEHVWKHFRQVWUXFWLRQRIDTXHVWLRQQDLUHLQVWUXPHQWWRPHDVXUHPDWKHPDWLFV
WHDFKHU HGXFDWRUV¶ NQRZOHGJH IRU WHFKQRORJ\ LQWHJUDWHGPDWKHPDWLFV WHDFKLQJ7KH VWXG\
ZDV IRXQGHG RQ D UHFRQFHSWXDOLVDWLRQ RI WKH JHQHULF 7HFKQRORJLFDO 3HGDJRJLFDO &RQWHQW
.QRZOHGJH IUDPHZRUN LQ WKH VSHFLILF FRQWH[W RI PDWKHPDWLFV WHDFKLQJ 6WHSV LQ WKH
GHYHORSPHQW RI WKH TXHVWLRQQDLUH ZHUH FRQVLGHUDWLRQ RI WKH FRQWH[W LQ ZKLFK WKH
TXHVWLRQQDLUHZRXOGEHXVHGFRPSDULVRQRISURSRVHGLWHPVZLWKDQGH[LVWLQJLQVWUXPHQW
H[SHUW UHYLHZ DQG SLORW WHVWLQJ 7KH SURFHVV GHVFULEHG SURYLGHV D PRGHO IRU RWKHU
UHVHDUFKHUVLQWHUHVWHGLQDGDSWLQJJHQHULFWRROVIRUPDWKHPDWLFVVSHFLILFXVH
7KH 7HFKQRORJLFDO 3HGDJRJLFDO &RQWHQW .QRZOHGJH 73&. IUDPHZRUN 0LVKUD 	
.RHKOHUUHQDPHG73$&.7KRPSVRQ	0LVKUDZDVDUWLFXODWHGWRGHVFULEH
WHDFKHUV¶ NQRZOHGJH RI WHFKQRORJ\ LQWHJUDWHG WHDFKLQJ 7KH IUDPHZRUN KDV EHHQ
LQWURGXFHG WR H[SODLQ WKH NQRZOHGJH EDVH QHHGHG IRU WHDFKHUV WR WHDFK HIIHFWLYHO\ ZLWK
WHFKQRORJ\ ,W VWHPV IURP WKH QRWLRQ WKDW WHFKQRORJ\ LQWHJUDWLRQ EHQHILWV IURP D FDUHIXO
DOLJQPHQWRIFRQWHQWSHGDJRJ\DQGWKHSRWHQWLDORIWKHWHFKQRORJ\1LHVV7HDFKHUV
ZKR ZDQW WR LQWHJUDWH WHFKQRORJ\ LQ WKHLU WHDFKLQJ SUDFWLFH WKHUHIRUH QHHG WR EH
FRPSHWHQWLQWHFKQRORJ\SHGDJRJ\DQGFRQWHQW0LVKUDDQG.RHKOHUZHQWIXUWKHU
DUJXLQJWKDWHIIHFWLYHWHFKQRORJ\LQWHJUDWLRQLQWHDFKLQJDOVRUHTXLUHVNQRZOHGJHGHILQHG
E\ WKH UHODWLRQVKLSV DQG LQWHUSOD\V EHWZHHQ NQRZOHGJH RI WHFKQRORJ\ SHGDJRJ\ DQG
FRQWHQWDVLQGLFDWHGLQ)LJXUH

        73$&.IUDPHZRUNVRXUFH.RHKOHU	0LVKUD
$VLQGLFDWHGLQ)LJXUHWKHLQWHUSOD\EHWZHHQWHFKQRORJ\SHGDJRJ\DQGFRQWHQWJLYH
ULVHWRL3HGDJRJLFDO&RQWHQW.QRZOHGJH3&.ZKLFKUHIHUVWRNQRZOHGJHRISHGDJRJ\
WKDW LV DSSURSULDWH WR WKH WHDFKLQJ RI VSHFLILF FRQWHQW LL 7HFKQRORJLFDO &RQWHQW
.QRZOHGJH 7&.ZKLFK UHIHUV WR DQ XQGHUVWDQGLQJ RI WKH WHDFKHU WKDW WHFKQRORJ\ DQG
FRQWHQW LQIOXHQFH HDFK RWKHU IRU HIIHFWLYH OHDUQLQJ LLL 7HFKQRORJLFDO 3HGDJRJLFDO


.QRZOHGJH 73.ZKLFK LV WKH XQGHUVWDQGLQJ RI KRZ WHDFKLQJ FKDQJHVZKHQ SDUWLFXODU
WHFKQRORJLHVDUHXVHGDQGILQDOO\ZKHUHDOOWKUHHLQWHUVHFWLY7HFKQRORJLFDO3HGDJRJLFDO
&RQWHQW .QRZOHGJH 73$&. UHIHUULQJ WR WKH NQRZOHGJH QHHGHG E\ WHDFKHUV WR
XQGHUVWDQG WKHSHGDJRJLFDODSSURDFKHV WKDWXVH WHFKQRORJLHV LQV\VWHPDWLFZD\V WR WHDFK
FRQWHQW
0HDVXULQJ73$&.
,QVWUXPHQWV WRPHDVXUH WHDFKHUV¶ NQRZOHGJH RI WHFKQRORJ\ LQWHJUDWHG WHDFKLQJ KDYH
EHHQGHYHORSHGXVLQJ WKH73$&. IUDPHZRUN LQGLYHUVH ILHOGVRI VWXG\ DQGDYDULHW\RI
FRQWH[WV HJ$EELWW$OELRQ-DPLHVRQ3URFWRU	)LQJHU*UDKDP&R[	
9HODVTXH]  .RHKOHU 	 0LVKUD  6FKPLGW HW DO  2QH H[DPSOH RI D
TXHVWLRQQDLUH LQVWUXPHQW WR PHDVXUH WHDFKHUV¶ 73$&. ZDV GHVFULEHG E\ .RHKOHU DQG




$ OLWHUDWXUH UHYLHZ VWXG\ HQFRPSDVVLQJ M RXUQDO DUWLFOHV S DSHUV SXEOLVKHG LQ
FRQIHUHQFHSURFHHGLQJVWZRERRNFKDSWHUVWZRGRFWRUDOGLVVHUWDWLRQVDQGRQHUHSRUWRQ
LQVWUXPHQWVGHYHORSHGWRPHDVXUH73$&.LQWKHFRQWH[WRISUHVHUYLFHWHDFKHUSUHSDUDWLRQ
SURJUDPVE\$EELWW  VKRZHG WKH LPSRUWDQFH RI XVLQJ TXDQWLWDWLYH DQGTXDOLWDWLYH
DSSURDFKHV WR XQGHUVWDQGLQJ 73$&. 4XDQWLWDWLYH PHWKRGV HJ FORVHG UHVSRQVH
TXHVWLRQQDLUH LWHPVFDQSURYLGHHIILFLHQWPHDVXUHVZKHUHDVTXDOLWDWLYHDSSURDFKHV HJ
RSHQUHVSRQVHTXHVWLRQQDLUHLWHPVFDQSURYLGHIXUWKHULQVLJKWLQWRUHVSRQGHQWV¶WKLQNLQJ
([DPSOHV RI LQVWUXPHQWV LQFOXGH WKDW RI $OELRQ HW DO  ZKR GHVFULEHG WKH
GHYHORSPHQWDQGHPSLULFDOYDOLGDWLRQRIDQLQVWUXPHQWWRPHDVXUHDQGDXGLW WKH73$&.
FDSDELOLWLHV RI ILQDO \HDU WHDFKHU HGXFDWLRQ VWXGHQWV DW WZR XQLYHUVLWLHV LQ 4XHHQVODQG
$XVWUDOLD7KH\ IRXQG WKDW WKH WHDFKLQJZLWK WHFKQRORJ\DXGLWTXHVWLRQQDLUHZDVDYDOLG






RQ WKH JHQHULF GHILQLWLRQV RI WKH 73$&. IUDPHZRUN 0LVKUD 	 .RHKOHU  7KH
DXWKRUV RI WKH SUHVHQW VWXG\ KRZHYHU DUJXH WKH LPSRUWDQFH RI XQGHUVWDQGLQJ DQG
H[SODLQLQJWKHXVHRIWKH73$&.IUDPHZRUNVSHFLILFWRPDWKHPDWLFVWHDFKLQJ7KH\ZHUH
DOVR LQWHUHVWHG LQ DQ LQVWUXPHQW WKDW FRXOG EH XVHG ZLWK PDWKHPDWLFV WHDFKHU HGXFDWRUV
07(V±DJURXSZKRVHNQRZOHGJHKDVEHHQXQGHUUHVHDUFKHG=D]NLV	=D]NLV
7KLV SDSHU UHSRUWV WKH GHYHORSPHQW RI DQ LQVWUXPHQW WR PHDVXUH 07(V¶ 73$&. 7KH
GHYHORSPHQW SURFHVV GHWDLOHG LQ WKH IROORZLQJ VHFWLRQV HQWDLOHG FRQFHSWXDOLVLQJ WKH
73$&.IUDPHZRUN IRUPDWKHPDWLFV WHDFKLQJ FRQVLGHUDWLRQRIFRQWH[W FRPSDULVRQZLWK
DQH[LVWLQJLQVWUXPHQWH[SHUWUHYLHZDQGSLORWWHVWLQJ
,QVWUXPHQW'HYHORSPHQW
9DULRXV VWXGLHV KDYH LOOXVWUDWHG SURFHGXUHV IRU GHYHORSLQJ UHOLDEOH DQG YDOLG
LQVWUXPHQWVWRPHDVXUHDJLYHQFRQVWUXFWHJ&ROWRQ	&RYHUW/LDQJHWDO
&ROWRQDQG&RYHUW  UHFRPPHQGHGDQ LWHUDWLYHSURFHVV LQYROYLQJFRQVWDQW UHYLVLRQ


7KH\ UHFRPPHQGHG HLJKW F\FOLF VWHSV LGHQWLI\LQJ WKH SXUSRVH DQG IRFXV RI WKH VWXG\
REWDLQLQJ IHHGEDFN IURP VWDNHKROGHUV WR FODULI\ WKH SXUSRVH DQG IRFXV LGHQWLI\LQJ WKH
UHVHDUFK PHWKRGRORJ\ DQG W\SH RI LQVWUXPHQW WR XVH IRU GDWD FROOHFWLRQ EHJLQQLQJ WR
IRUPXODWH LWHPV RU TXHVWLRQV SUHWHVWLQJ LWHPV ZLWK FRQWHQW H[SHUWV DQG SRWHQWLDO
UHVSRQGHQWV PDNLQJ UHYLVLRQV EDVHG RQI HHGEDFN SLORWLQJ DQG UHYLVLRQ DQG ILQDOO\
DGPLQLVWHULQJ WKH LQVWUXPHQW 7KH\ LQGLFDWHG WKDW LQVWUXPHQW GHYHORSPHQW RXJKW WR EH D
V\VWHPDWLF \HW FUHDWLYH DFWLYLW\ UHTXLULQJ FRQWLQXDO UHILQHPHQW DQG UHYLVLRQ /LDQJ HW DO
GHVFULEHG ILYH SKDVHV WR GHYHORS DQ LQVWUXPHQW WR HYDOXDWH SUHVHUYLFH WHDFKHUV 367V
YLHZVRQWKHQDWXUHRIVFLHQFH7KHVHZHUH LVHOHFWLRQRIVWDQGDUGVDQG OLWHUDWXUHEDVHG
LWHPV LL SLORW WHVWV DQG LQWHUYLHZV LLL H[SHUW UHYLHZ LY IXUWKHU UHYLVLRQ DQG Y
FRPSDULVRQ ZLWK H[LVWLQJ LQVWUXPHQWV 7KLV VWXG\ GUHZ RQERW K &ROWRQ DQG &RYHUW¶V
LWHUDWLYH SURFHVV IRU LQVWUXPHQW GHYHORSPHQW DQG WKH LQVWUXPHQW GHYHORSPHQW SKDVHV RI
/LDQJHWDO7KHSURFHVVXVHGLVLQGLFDWHGLQ)LJXUH








    ff fi fl ffi   ! " !  # $ % &  ' !  fl ( ff    fl ff ) fl  * +  fl ( ff ,  fl !  " $ ff   ( !  #
7KHQHHGWRVSHFLI\73$&.LQUHODWLRQWRPDWKHPDWLFVWHDFKLQJLQRUGHUWRSURYLGHD
VKDUSHU OHQV WKDQ WKH JHQHULF 73$&. IUDPHZRUN DORQH DQG WR XQGHUVWDQG EHWWHU WKH
NQRZOHGJH UHTXLUHG IRU WHDFKHUVRIPDWKHPDWLFV WRXVH WHFKQRORJ\ LQ WKHLU WHDFKLQJZDV
WKH VWDUWLQJ SRLQW 5HVHDUFKHUV LQ PDWKHPDWLFV HGXFDWLRQ KDYH FRQFHSWXDOLVHG WKH
NQRZOHGJH QHHGHG WR WHDFKPDWKHPDWLFV LQ YDULRXVZD\V HJ %DOO 7KDPHV	3KHOSV
 &KLFN %DNHU 3KDP 	 &KHQJ  5RZODQG +XFNVWHS 	 7KZDLWHV 
+RZHYHU %DOO HW DO¶V  IUDPHZRUNZLWK LWV HPSKDVLV RQPDWKHPDWLFDO NQRZOHGJH
VXLWHG RXU SXUSRVH RI GHYHORSLQJ D PDWKHPDWLFV VSHFLILF IUDPHZRUN IRU WHFKQRORJ\
LQWHJUDWHG WHDFKLQJ +HQFH %DOO HW DO¶V  0DWKHPDWLFDO .QRZOHGJH IRU 7HDFKLQJ
0.7 DQG WKH 73$&. IUDPHZRUN 0LVKUD 	 .RHKOHU  ZHUH XVHG DV EDVHV IRU
XQGHUVWDQGLQJ WHFKQRORJ\ LQWHJUDWHGPDWKHPDWLFV WHDFKLQJ7KH73$&. IUDPHZRUNZDV
UHVWUXFWXUHG E\ UHIRFXVVLQJ WKUHH QHZ FRPSRQHQWV IRU WHDFKLQJ PDWKHPDWLFV XVLQJ

































   " ! @ ff A  fl !    *    fl ff ) fl
7KH FRQWH[W LQZKLFK DQ LWHP LV SUHVHQWHG KDV DQ LQIOXHQFH RQW KHZD\ UHVSRQGHQWV
LQWHUSUHWDQGDQVZHULW&ROWRQ	&RYHUW7KHLQVWUXPHQWZDVGHVLJQHGWRPHDVXUH
07(V¶NQRZOHGJHRIWHFKQRORJ\LQWHJUDWHGPDWKHPDWLFVWHDFKLQJLQWKHFRQWH[WRILQLWLDO
WHDFKHU HGXFDWLRQ LQ (WKLRSLD 7KLV LV LQ FRQWUDVW WRPRUH FRPPRQ XVHV RI WKH 73$&.
IUDPHZRUNZLWKSUHVHUYLFHDQGLQVHUYLFHWHDFKHUV7KHLWHPVQHHGHGWREHLQUHODWLRQWR
07(V &ROWRQ 	 &RYHUW  )RU H[DPSOH WKHUH ZHUH LWHPV ZKLFK UHIHUUHG WR KRZ
WHDFKHUHGXFDWRUVFDQEHPRGHOVIRUWKHLU367VLQWKHXVHRIWHFKQRORJ\ LQWKHLUWHDFKLQJ




07(V WHDFKLQJ SULPDU\ 367V RI PDWKHPDWLFV 7KH ZRUGLQJ RI LWHPV ZDV FRQVLGHUHG
FDUHIXOO\WRHQVXUHWKDWWKH\ZRXOGEHXQGHUVWRRGE\(WKLRSLDQ07(V
  , fi  A ! "   B ! fl (   C ) ! " fl !  # D  " fl A ffi , ff  fl 
$QXPEHURIVWXGLHVHJ$J\HL	9RRJW&KDL.RK	7VDL.RK&KDL
	7VDL  KDYH GHVFULEHG WKH FRQVWUXFWLRQ RI LQVWUXPHQWV EDVHG RQ 6FKPLGW HW DO¶V
TXHVWLRQQDLUHWRPHDVXUHWHDFKHUV¶73$&.)RUH[DPSOH$J\HLDQG9RRJW
DGDSWHG LWHPV IURP6FKPLGW HW DO   WR DGGUHVV WKH LQWHJUDWLRQ RI VSUHDG VKHHWV LQ
PDWKHPDWLFV WHDFKLQJDQG&KDLHW DO DGDSWHG WKH VDPHTXHVWLRQQDLUH WRH[DPLQH
367V¶73$&.SHUFHSWLRQV EHIRUH DQG DIWHU WKHLU ,&7 FRXUVH.RK HW DO  XVHG DQ
DGDSWDWLRQ RI 6FKPLGW HW DO¶V   TXHVWLRQQDLUH EDVHG RQ UHYLHZ RI WKH LWHPV E\
H[SHUWVZKRDUH VSHFLDOLVHG LQ ,&7 WRH[DPLQH6LQJDSRUHDQ367V¶73$&.7KHUHZHUH
WKXVSUHFHGHQWVIRUEDVLQJDQHZLQVWUXPHQWRQWKDWRI6FKPLGWHWDO
6FKPLGW HW DO¶V  LQVWUXPHQW ZDV XVHG DV D IUDPH E\ UHGHILQLQJ WKH 73$&.
IUDPHZRUNIURPWKHSHUVSHFWLYHRI WHDFKLQJPDWKHPDWLFVZLWKWHFKQRORJ\DQGPRGLI\LQJ




60.7KLV VSHFLDOLVHGNQRZOHGJHDVVLVWHG LQ WKHGHVLJQLQJRI LWHPV UHODWHG WR&RQWHQW
.QRZOHGJH&.ODWHU60.RIPDWKHPDWLFVWHDFKHUVLQWKH73$&.IUDPHZRUN7DEOH
VKRZVH[DPSOHVRIKRZLWHPVUHODWHG WR7.ZHUHPRGLILHG HJRQH LWHPEHFDPHIRXU
ZKLOH7DEOHSURYLGHVH[DPSOHVRIPRGLILHG&.LWHPVHJWKUHHLWHPVEHFDPHWZR
7DEOH































$VDUHVXOW WKHGHILQLWLRQIRUHDFKRI WKHQHZO\FRQFHSWXDOLVHGWHFKQRORJ\ LQWHJUDWHG
PDWKHPDWLFVWHDFKLQJFRPSRQHQWVZDVFRPSDUHGZLWKWKHLWHPVLQFOXGHGLQ6FKPLGWHWDO
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7KH GHILQLWLRQV LQ 7DEOH F RQWH[W FRQVLGHUDWLRQV DQG FRPSDULVRQZLWK DQ H[LVWLQJ
LQVWUXPHQWZHUHXVHGWRFRQVWUXFWWKHGUDIWLQVWUXPHQWIRUPHDVXULQJ07(¶VNQRZOHGJHIRU
WHFKQRORJ\LQWHJUDWHGPDWKHPDWLFVWHDFKLQJ$GGLWLRQDOLWHPVZHUHFRQVWUXFWHGWRPHDVXUH
HDFK RI WKH FRQVWUXFWV WKDW DSSHDU LQ WKHPRGLILHG IUDPHZRUN )LJXUH  ZKHQ 60. LV
LQIOXHQFHGE\WKHDSSOLFDWLRQRIWHFKQRORJ\DQGVHOHFWLRQRIDSDUWLFXODUSHGDJRJ\QDPHO\
630.670.DQG67$03.)RUH[DPSOHWKHUHZDVDQHHGIRULWHPVWKDWFDQPHDVXUH
07(V¶ FRQWHQWNQRZOHGJHXQLTXH WR WHDFKLQJPDWKHPDWLFV %DOO HW DO ([DPSOHV
DUHSURYLGHGLQ7DEOH$QHIIRUWZDVPDGHWRVKRZKRZWKLVNQRZOHGJHPLJKW LQWHUDFW
ZLWK WKH DSSOLFDWLRQRI WHFKQRORJ\ LH670.FRPSRQHQW$V FRQVHTXHQFH WKH670.
FRPSRQHQW ZDV VWDWHG DV ³, NQRZ KRZ WR FHPHQW WKH NQRZOHGJH QHHGHG WR WHDFK
PDWKHPDWLFVZLWKWKHDSSOLFDWLRQRIWHFKQRORJLHV´,QDVLPLODUIDVKLRQDWRWDORILWHPV
ZHUH FRQVWUXFWHG UHTXLULQJ UHVSRQVHVRQ SRLQW/LNHUW VFDOHV IURP6WURQJO\'LVDJUHH WR
6WURQJO\$JUHH2SHQHQGHG TXHVWLRQVZHUH DGGHG WR LQYLWH SDUWLFLSDQWV WR H[SODLQ WKHLU
H[SHULHQFHLQUHODWLRQWRHDFKRIWKHLWHPV7KHTXDOLWDWLYHRSHQHQGHGTXHVWLRQVDQGWKH
TXDQWLWDWLYHLWHPV/LNHUWW\SHKHOSHGWRHQVXUHWKHYDOLGLW\RIWKHLQVWUXPHQWE\HQVXULQJ
WKDW LWH OLFLWHG HYLGHQFH UHODWLQJ WR WKH FRQVWUXFWV LQWHQGHG WR EH PHDVXUHG &ROWRQ 	
&RYHUW
7KH GUDIW TXHVWLRQQDLUH DOVR DVNHG UHVSRQGHQWV WR SURYLGH LQIRUPDWLRQ DERXW WKHLU
H[SHULHQFH RI WHDFKLQJ DW WHDFKHUV¶ FROOHJH DQG VFKRRO OHYHO WKHLU DFFHVV WR YDULRXV
WHFKQRORJLHV DQG WKH IUHTXHQF\ ZLWK ZKLFK WKH\ XVHG WKHVH DQG WKHLU FRQILGHQFH WR
XQGHUWDNHDUDQJHRIWDVNVLQYROYLQJWKHXVHRIWHFKQRORJ\
C ) fi ff A fl N ff O ! ff B
7KH UHYLHZ DLPHG WR SLQSRLQW ZD\V WR GHILQH DQG RSHUDWLRQDOLVH WKH FRQVWUXFWV DQG
LQGLFDWHZKHWKHUHDFKLWHPVHHPHGOLNHO\WRPHDVXUHZKDWLWZDVLQWHQGHGWR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